Objective: Idiopathic and postsurgical constrictive pericarditis is characterized by pericardial structural remodeling that involves fibrosis, calcification, and inflammation. This study aimed to determine whether cell senescence was responsible for pericardial structural remodeling.
Perspective
Little is known about the pathogenesis of IPCP. We demonstrated that senescent PICs exhibited pronounced functional alterations and selectively regulated fibrocalcific and inflammatory programs. These data suggest that senescent PICs have characteristics promoting pericardial structural remodeling.
See Editorial Commentary page 976.
See Editorial page 953.
Chronic constrictive pericarditis represents a serious hemodynamic syndrome that can lead to heart failure unless surgically treated. Idiopathic and postsurgical constrictive pericarditis (IPCP) is becoming increasingly prevalent, accounting for 33% to 83% of the constrictive cases among published studies. 1, 2 IPCP is characterized by pericardial structural remodeling that involves fibrosis, calcification, and various degrees of inflammation. 1 Theoretically, pericardial structural remodeling, especially fibrocalcification, may result in stiffening of the pericardial walls, thereby contributing to pericardial constriction. Consistent with this concept, the extent of pericardial structural remodeling determined by histology has been shown to correlate with pericardial volume decreases and progressive constriction. 3 Therefore, a better understanding of the pathogenesis responsible for pericardial structural remodeling is critical for the prevention, early diagnosis, and treatment of IPCP.
Recently, accumulating evidence has suggested that structural cells, such as lung fibroblasts in lung fibrosis 4 and vascular smooth muscle cells in vascular calcification, 5 exhibited senescent phenotypes and played important roles in the pathogenesis of remodeling diseases. These senescent cells not only lost their ability to divide but also produced numerous proinflammatory cytokines, chemokines, growth factors, and proteases, which may alter the local tissue environment and contribute to tissue structural remodeling. Pericardial interstitial cells (PICs) are the major structural cells within the pericardia, and we had confirmed in our previous studies that a central event in pericardial injury was the activation of PICs. 6, 7 Therefore, we hypothesized that cellular senescence, as a result of overactivation of PICs, was an important pathologic mechanism of tissue structural remodeling in the progression of IPCP. To test this hypothesis, we compared the rate of senescence in PICs derived from pericardial tissue from patients with and without IPCP. We also compared differences in apoptosis, collagen matrix, calcium deposition, chemoattractant properties, gene expression profiles, and paracrine effects to determine whether PIC senescence was associated with differences in important pericardial structural remodeling variables.
MATERIALS AND METHODS
The present study conforms to the principles outlined in the Declaration of Helsinki. The study protocol was approved by Changhai Hospital's Ethics Committee, and informed consent was obtained from all patients before the study.
Patients
Twelve fresh pericardial specimens were acquired from patients with IPCP who underwent pericardiectomy at Changhai Hospital and were used to culture pericarditis PICs. The mean age of the study population was 55 years (range, 23-72 years). The underlying cause of constrictive pericarditis in these patients included idiopathic disease (9/12, 75%) and postcardiac injury syndrome (3/12, 25%). For control, 12 pericardial specimens free of pericarditis were obtained from age-and sex-matched normal subjects at autopsy (n ¼ 1) or during cardiac surgery (n ¼ 11) and were used to culture nonpericarditis PICs. For in vitro functional studies, another 16 pericardial specimens free of pericarditis were used to culture senescent or nonsenescent PICs (passage 2). No patient had histories of idiopathic, autoimmune, or established connective tissue disease. The baseline characteristics of the patients are shown in Tables E1 and E2 .
Cell Culture and Replication
Fresh pericardia were cut into 1-mm 3 tissue masses, and the explants were cultured in Dulbecco's modified Eagle's medium at 37 C (Video 1). After cell outgrowth from the explants, cells were passaged (passage 1), seeded in 12-well plates, and cultured to confluence. The cells were then counted and seeded (passage 2) in 6-well plates. The experiments started at this point, and the cells were serially passaged until senescence. The onset of cell replicative senescence was defined on the basis of cessation of cell division, labeling for senescence-associated b-galactosidase (SA-b-gal), and cell morphology criteria such as flat and large cell shape. 8 PICs of passage 2 were used as control nonsenescent PICs.
In Situ Staining for Cellular Senescence
Briefly, after being fixed with a 2% formaldehyde/0.2% glutaraldehyde solution in phosphate-buffered saline solution, PICs were incubated with SA-b-gal staining solution for 24 hours at 37 C. The blue color in the cytoplasm was defined as positive staining, and positive cells were counted by 2 independent blinded investigators. SA-b-gal activity was evaluated using a semiquantitative system (H-score). The intensity of the blue staining was scored on a scale as 0 (absent), 1 (weak), 2 (moderate), or 3 (strong). The H-score for staining each sample was defined as H-score
Telomere Length Measurement by Quantitative Polymerase Chain Reaction
Telomere length assessment was performed using a real-time quantitative polymerase chain reaction (qPCR) assay telomere/single (T/S) copy gene values were calculated by 2
OÀCt
, and relative T/S values were generated by dividing sample T/S values with the T/S value of a reference cell line DNA.
9,10

RNA Isolation and Quantitative Polymerase Chain Reaction
Total RNA was extracted from PICs, reverse-transcribed, and used as a template for the real-time qPCR as described in the Supplementary Methods. 
Abbreviations and Acronyms
Cell Proliferation Assay
Cell proliferation was assessed using the 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide assay. Briefly, cells were seeded at a density of 8 3 10 3 cells/100 mL into 96-well plates and allowed to adhere. After 24 hours, the original media were replaced with fresh media containing appropriate additives. At the end of the incubation period, cells were treated with 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide (5 mg/mL) for 4 hours at 37 C. The absorbance was measured at 570 nm by spectrophotometer.
Isolation of CD45-Positive Monocytes/Lymphocytes
Human peripheral blood mononuclear cells were obtained from healthy volunteers and isolated with Ficoll-Hypaque density gradient centrifugation (Miltenyi Biotec, Bergisch Gladbach, Germany). CD45-positive monocytes/lymphocytes were subsequently sorted by use of magnetic beads according to the manufacturer's protocol. 11 
Monocytes/Lymphocytes Chemotaxis Assays
Transwell chemotaxis assays were performed as described with minor modifications. 12, 13 PICs were seeded in the lower well; isolated monocytes/lymphocytes were labeled with fluorescence dye 1,1-dioctadecyl-3,3,3 0 ,3 0 -tetramethylindocarbocyanine perchlorate and added to the top chamber. Migrated monocytes/lymphocytes were quantified by counting the number of fluorescent positive cells.
Monocytes/Lymphocytes-Pericardial Interstitial Cells Adhesion Assay
For the cell adhesion assay, 14 isolated CD45 positive monocytes/lymphocytes were added onto the PIC monolayer and incubated for 30 minutes at 37
C. The accumulation of adherent cells was quantified by counting under a microscope.
Measurement of Inflammatory Cytokines Release
For measurement of inflammatory cytokines release from the PICs in the medium, the media were collected from the plates of PICs after 48 hours of culture. The concentrations of inflammatory cytokines in the media were measured using enzyme-linked immunosorbent assay.
Measurement of Collagen
Collagen content was determined through a colorimetric reaction against Picrosirius red.
15 Briefly, PICs were lysed, dried, and stained with Picrosirius red (0.1% w/v in saturated picric acid) for 1 hour at room temperature. Subsequently, the samples were washed by 0.1 mol/L HCl and dissolved in 0.5 mol/L NaOH. The plates were read by spectrophotometer at an absorbance of 570 nm. Collagen content was expressed as arbitrary units per microgram of protein.
Calcification Induction
Calcium phosphate crystals were extracted from calcified pericardia as previously described. 16 Crystals conditioned medium was prepared using Dulbecco's modified Eagle's medium supplemented with 5% fetal bovine serum and 150 mg/mL calcium phosphate crystals. For calcification induction, the cells at confluence were switched to crystal-conditioned medium or calcification-inducing medium. 17 
Flow Cytometric Analysis of Apoptosis
Apoptosis was determined using flow cytometry by Annexin V-fluorescein isothiocyanate/propidium iodide staining.
Mineralization Detection and Quantification
Mineralization was detected with Von Kossa staining. To quantify calcium deposition, cells were decalcified with 0.6 N HCl for 24 hours. The calcium content of the HCl supernatant was determined colorimetrically by the 0-cresolphthalein complexone method (Calcium kit; Sigma, St Louis, Mo). Protein content was measured with a BCA protein assay kit (Pierce, Waltham, Mass). Calcium content was normalized by protein content and was calculated as mg/mg protein.
Statistical Analysis
Data are expressed as the mean AE standard deviation, and statistical analysis was performed with GraphPad software (GraphPad Software Inc, La Jolla, Calif). Normally distributed variables were analyzed using paired Student t test, and non-normally distributed variables were analyzed using the Wilcoxon signed-rank test.
RESULTS
Telomere Shortening and Decreased Growth Capacity of Pericarditis Pericardial Interstitial Cells In Vitro
To ascertain whether PIC senescence had already occurred in IPCP, we first compared telomere length between freshly isolated pericarditis (passage 2) and nonpericarditis PICs (passage 2). Telomere length assessment by qPCR showed that pericarditis PICs had a significantly shorter telomere length compared with the nonpericarditis PICs (Figure 1, A) . Microscopically, they exhibited the morphologic features of senescence, as evidenced by the flattened and enlarged morphology with an increased VIDEO 1. Culture procedure of PICs. Briefly, 24-well culture plates were rinsed with Dulbecco's modified Eagle's medium (DMEM) supplemented with 10% heat-inactivated fetal bovine serum, 100 U/mL penicillin, and 100 mg/mL streptomycin. Fresh pericardia were washed with DMEM media 3 times and cut into 1-mm 3 tissue masses. The tissue masses were placed into 24-well culture plates to adhere for 4 hours at 37 C in an atmosphere of 95% air and 5% CO 2 . Subsequently, the explants were cultured in DMEM media. When cells emerged from the explants and formed a monolayer, they were detached from the bottom of the culture dish with trypsin/ ethylenediaminetetraacetic acid to establish subcultures. Video available at: http://www.jtcvsonline.org/article/S0022-5223 ( 
Senescent Pericardial Interstitial Cells Show a Proinflammatory Phenotype
Microscopically, the number of fluorescent-labeled cells that migrated toward senescent PICs was significantly greater than that toward nonsenescent PICs ($3.2-fold) (Figure 2 , A). We next tested whether senescent PICs possessed a higher ability to adhere monocytes/lymphocytes, and the results showed that only a few of the monocytes/lymphocytes adhered to the surface of nonsenescent PICs (Figure 2, B) . However, an increased number of monocytes/lymphocytes was observed around the senescent PICs, with an average of 6 monocytes/lymphocytes adhered to each PIC.
Relative to controls, senescent PICs expressed higher levels of interleukin-6 (8-fold), monocyte chemoattractant protein (MCP)-1 (2-fold), and tumor necrosis factor-a (TNF-a) (54-fold), whereas interleukin-8 expression levels were similar (Figure 2, C) . Consistent with increased mRNA expression, TNF-a (370 AE 50 pg/mL vs 269 AE 56 pg/mL, P ¼ .0034) protein levels were increased in the senescent PIC cell supernatant compared with controls, but interleukin-6 (110 AE 9 pg/mL vs 89 AE 25 pg/mL, P ¼ .1250) and MCP-1 (115 AE 10 pg/mL vs 99 AE 12 pg/ mL, P ¼ .0625) levels were not significantly greater.
However, there was no difference in mRNA levels of adhesion molecules including endothelial-leukocyte adhesion molecule-1 (P ¼ .0776), vascular cell adhesion molecule-1 (P ¼ .1605), or intracellular adhesion molecule-1 (P ¼ .9763) between senescent and nonsenescent PICs (Figure 2, C) .
Senescent Pericardial Interstitial Cells Execute a Profibrotic Program
Quantitative analysis of collagen content showed that collagen accumulation was significantly higher in senescent PICs than in nonsenescent PICs (Figure 3, A) , suggesting that senescent PICs may be the source of initiation and maintenance of extracellular matrix (ECM) deposition.
Furthermore, mRNA levels of connective tissue growth factor (5.3-fold), fibronectin (3.4-fold), collagen type I (3.9-fold), and collagen type III (3.4-fold) were significantly upregulated in senescent PICs compared with the controls (Figure 3, B) . However, there was no difference in mRNA levels of the myofibroblastic phenotypic markers, desmin (P ¼ .1747), and SM22 (P ¼ .7430) between senescent and nonsenescent PICs.
In addition, qPCR showed that matrix metalloproteinase (MMP)-1 and MMP-3 were downregulated to approximately 61% and 26%, respectively, although tissue inhibitors of metalloproteinase (TIMP)-1 were upregulated 1.8-fold in senescent PICs compared with nonsenescent cells (Figure 3, B) . These results, together with the results described earlier, suggest that senescent PICs express a profibrotic genetic program and may contribute to the development and progression of IPCP fibrosis.
Senescent Pericardial Interstitial Cells Execute a Procalcific Program
Both von Kassa staining (Figure 4 , A) and colorimetric reaction (Figure 4, B) showed that senescent PICs contained higher calcium deposition compared with nonsenescent cells under calcification-inducing culture conditions for 7 days, suggesting that senescent PICs may serve as the nuclei for calcium deposition and nodule formation.
As shown in Figure 4 , C, the mRNA expression levels of matrix Gla protein (MGP, 9-fold), bone morphogenetic protein (BMP)-4 (70-fold), and noncollagenous bone-matrix proteins, including osteopontin (1.8-fold), bone sialoprotein (244-fold), and osteonectin (2.4-fold), were markedly enhanced in the senescent PICs compared with nonsenescent cells, although osteocalcin was not detected in PICs.
In addition, we found that senescent PICs were more likely to avoid apoptosis than nonsenescent cells after exposure to several apoptotic stimuli, including serum deprivation (Figure 4 , D; P ¼ .0027) and calcium phosphate crystals (Figure 4 , E; P ¼ .0013), suggesting that senescent PICs contribute to the calcification process through an active ''cell-mediated mechanism'' resembling embryonic bone formation, not passive mineral precipitation.
Senescent Pericardial Interstitial Cells Exert Paracrine Effects on Neighboring Pericardial Interstitial Cells
Senescent medium-treated PICs grew faster than those treated with control medium, as early as 24 hours after treatment, and persisted up to the 7-day study period (Figure 5,  A) , suggesting a growth-enhancing effect of senescent PICs on their neighboring cells in a paracrine fashion. Furthermore, senescent medium increased mRNA transcription of a-smooth muscle actin in nonsenescent PICs as early as day 3 (passage 2), although they inhibited the mRNA transcription of interleukin-6, MCP-1, and TNF-a ( Figure 5, B) . However, after 7 days, the mRNA level of TNF-a and alkaline phosphatase in the senescent medium-treated PICs increased, whereas interleukin-6 and MCP-1 continued to decline ( Figure 5, C) .
DISCUSSION
In this study, we demonstrated that pericarditis PICs derived from IPCP lesions displayed senescence-like changes, including short telomere length, large flattened cell sizes, positive staining for SA-b-gal, and limited growth capacity. Furthermore, in vitro functional studies showed that senescent PICs exhibited functional alterations showed selective regulation of specific fibrocalcific and inflammatory programs, and affected the neighboring cells through paracrine effects. These findings suggest that senescent PICs have characteristics promoting pericardial structural remodeling that involves pericardial inflammation, fibrosis, and calcification, and may be a possible mechanism contributing to the progression of IPCP. The relationship between cellular senescence and inflammation has been extensively studied, and recent studies have demonstrated that senescent cells exhibit similar gene expression patterns as those observed in inflammatory responses and wound-healing processes. 18, 19 Of particular interest, cellular senescence, in some types of cells such as fibroblasts, 18 hepatic satellite cells, 20 and vascular smooth muscle cells, 21 is characterized by high level secretion of multiple proinflammatory cytokines. In this study, we also demonstrated that senescent PICs expressed increased levels of proinflammatory cytokine genes, such as TNF-a, interleukin-6, and MCP-1. As a member of cytokines, TNF-a has the ability to recruit circulating inflammatory cells to areas of inflammation and plays a key role in the initiation, regulation, and perpetuation of the inflammatory response. 22 Interleukin-6 23 and MCP-1 24 also are involved in local inflammatory responses, helping to attract and adhere inflammatory cells. Therefore, the upregulation of TNF-a, interleukin-6, and MCP-1 may be the molecular mechanism that links inflammation and the senescent state in the setting of IPCP, suggesting that senescent PICs may play an active role in recruiting monocytes/lymphocytes to the pericardia and evoking inflammatory reactions.
It is generally believed that cardiovascular fibrosis is associated with an increase in ECM content and in particular with an increase in collagen deposition. 25 The dynamic turnover of ECM components is controlled by several regulatory mechanisms, including de novo biosynthesis of ECM molecules, proteolytic degradation of collagens by MMPs, and inhibition of MMP activities by TIMPs. Our current data seem consistent with this paradigm that cellular senescence has a dual effect in the regulation of the fibrotic process. First, senescent PICs synthesized more ECM components than nonsenescent PICs. In addition, the decreased MMPs and increased TIMPs might favor less MMP activity, which would lead to less damage to the ECM, 26 resulting in fibrosis. However, the data from previous studies of liver fibrosis are inconsistent with our results, which showed that senescence of activated hepatic stellate cells limits liver fibrosis. 27 Schnabl and colleagues 20 further demonstrated that hepatic stellate cells are characterized by a pronounced inflammatory but less fibrogenic phenotype. Taken together, these results suggest that the effect of cellular senescence on tissue fibrosis is cell-type specific.
The pathogenesis of cardiovascular calcification is currently believed to involve both passive and active processes. Passive mineralization is a deposition of supersaturated mineral in the region of cellular damage and degeneration, 28 whereas the active process of calcification may share some mechanisms with mineralization observed in bone, cartilage, and teeth. 29 In this study, our results demonstrated that senescent PICs contributed to the calcification process through an active ''cell-mediated mechanism'' resembling osteogenesis in bone, not a passive mineral precipitation. First, we found that senescent PICs orchestrated the osteoblasts transdifferentiation program, which involved the increased transcription of osteoblast differentiation stimulating factors and noncollagenous bonematrix proteins. BMP can act on various cell types and elicit a response that is specific to osteoblast differentiation and bone formation. 30 Noncollagenous bone-matrix proteins, such as osteopontin, bone sialoprotein, and osteonectin, functionally provide an ideal nucleation site for FIGURE 4. Senescent PICs regulated specific calcific genes and deposit more calcium. PICs were treated with crystal-conditioned medium (containing 5% fetal bovine serum), and calcium deposition was detected by von Kassa staining (A) and calcium assay (B). Bar ¼ 100 mm. The differential expression of calcification-related factors was analyzed by qPCR (C). PICs were treated with serum-free medium (D) or low-serum (0.5% fetal bovine serum) crystals conditioned medium (E) for 24 hours. Apoptosis was measured by using flow cytometry. The boundaries of the boxes represent the first and third quartiles, the horizontal line within the boxes represents the median, and the ends of the whiskers represent the minimum and maximum values. Dots represent data points. NS-PICs, Nonsenescent pericardial interstitial cells; S-PICs, senescent pericardial interstitial cells; BMP, bone morphogenetic protein; MGP, matrix Gla protein; V-FITC, Annexin V-Fluorescein Isothiocyanate. calcification within the calcifying microenvironment because of their ability to bind calcium and phosphate to cell surface. [31] [32] [33] Paradoxically, senescent PICs also expressed increased levels of the calcification inhibitor, MGP. As a mineral-binding ECM protein, MGP strongly inhibits the precipitation of calcium salts and blocks the osteoinductive properties of BMP by direct binding. Although the mechanism responsible for the observed increase in MGP is not known, the MGP elevation in the senescent microenvironment may represent a protective response against an overwhelming dysregulation of the procalcification process. When this protective pathway is overwhelmed, senescent PICs may serve as the nuclei for mineral deposition and initiate pericardial calcification. It is noteworthy that passive mineral deposition may occur in areas of advanced tissue degeneration or necrosis 34 because the debris of apoptotic or necrotic cells may locally concentrate calcium and phosphate, thus providing a suitable microenvironment for calcification. Contrary to our expectations, we found that senescent PICs were more likely to avoid apoptosis than nonsenescent cells after exposure to several apoptotic stimuli, suggesting that senescent PICs contribute to calcium deposits not by passive mineral deposition but through active de novo production of bone matrix molecules.
It is well recognized that cells approaching senescence develop a senescence-associated secretory phenotype (SASP), 35, 36 which increases the secretion of cytokines and growth factors that alter the behavior of neighboring cells. When these senescent cells are chronically present, some SASP factors may reinforce the senescence growth arrest for preventing the growth of damaged cells, which are at risk for malignant transformation. However, some SASP factors may disrupt normal tissue function and drive aging phenotypes, and contribute to several chronic degenerative diseases. For example, secreted mitogens stimulate neighboring cell growth, and inflammatory cytokines can stimulate inflammation. In the present study, we found that senescent PICs were more likely to avoid apoptosis than control cells on exposure to apoptotic stimuli, and their long-term existence may exert both beneficial and deleterious effects on neighboring PICs. On the one hand, senescent PIC medium stimulated neighboring PICs growth in vitro and thereby promoted tissue repair. On the other hand, senescent PIC medium accelerated the senescence of neighboring PICs, induced the myofibroblasts/osteoblasts transdifferentiation, and increased proinflammatory cytokine expression, which may reinforce the process of fibrosis, calcification, and inflammation. FIGURE 6 . Proposed mechanism of PIC senescence responsible for pericardial structural remodeling. TGF, Tissue growth factor; FGF-2, Fibroblast growth factor-2; PDGF-AA, platelet-derived growth factor-AA; CTGF, connective tissue growth factor; BMP, bone morphogenetic protein; ECM, extracellular matrix; IL, interleukin; MCP, chemoattractant protein; TNF-a, tumor necrosis factor-a; MMP, matrix metalloproteinase; TIMP, tissue inhibitors of metalloproteinase; MGP, matrix Gla protein.
Potential Significance
In our previous studies, 6, 7 we identified that many controlling factors (eg, transforming growth factor-b1) may trigger the fibrocalcific progression via different pathways. Blocking 1 pathway may not be able to attenuate or eliminate pathologic progression given the complex pathologic conditions. Therefore, it is important to determine whether there is a common pathway among all the controlling factors.
On the basis of the present study and our previous studies, 6, 7 we found that PIC senescence is likely to be a common pathway that links the controlling factors with pericardial structural remodel ( Figure 6 ). After disruption of the normal steady state of PICs, as occurs in association with pericardial injury or disease, quiescent PICs undergo a process of proliferation and active secretion accompanied by progressive telomere shortening to create a favorable environment for repair. Once telomeres reach a critically short length, PICs enter a senescent state and display a specific gene expression profile to promote pericardial structural remodel. Senescent PICs synthesize ECM components including collagen and fibronectin, modulate the expression of enzymes such as MMP/TIMP that mediate ECM remodeling, serve as the nuclei for mineral deposition by producing noncollagenous bone-matrix proteins, and secrete modulatory cytokines such as transforming growth factor-b1, BMP-2, and BMP4, which can potentiate PIC pathologic differentiation to myofibroblast or osteoblast lineages; on the basis of these effects, they contribute to pericardial fibrocalcification. Senescent PICs produce proinflammatory cytokines that are potently capable of recruiting inflammation cells and thereby contribute to the early phases of pericardial inflammation. Furthermore, senescent PICs are relatively resistant to apoptosis and secrete paracrine factors that alter the behavior of neighboring cells (eg, proliferation, differentiation, and senescence) and reinforce pericardial structural remodeling.
CONCLUSIONS
These findings support the emerging hypothesis that PIC senescence may play an important role in the development of pericardial structural remodeling. We now need to uncover the mechanisms involved in PIC senescence and provide new avenues for the treatment of IPCP, especially for the prevention of postsurgical constrictive pericarditis.
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SUPPLEMENTARY METHODS Definition and Classification
IPCP was defined according to previous publications.
E1,E2
Patients were classified into the idiopathic group if they had no known or documented infections (viral, tuberculosis, fungal), acute myocardial infarction (acute, delayed), neoplasm, postcardiac injury syndrome (trauma, cardiothoracic surgery), systemic autoimmune disease (systemic lupus erythematosus, rheumatoid arthritis, ankylosing spondylitis, systemic sclerosing periarteritis nodosa, Reiter's syndrome), or history of mediastinal radiation. Postsurgical constriction was defined as constrictive pericarditis after prior cardiac surgery or trauma. According to this definition, patients were classified in the idiopathic and postsurgical subgroups.
Telomere Length Measurement by Quantitative Real-Time Polymerase Chain Reaction Telomere length assessment was performed using a PCR. Briefly, genomic DNA was extracted from PICs, and the reference cell line human embryonic kidney 293 cells using a commercial kit (AxyPrep Multisource Genomic DNA Miniprep Kit; Axygen Biosciences, Union City, Calif).
Two separate PCR runs were performed for each sample: the first to determine the cycle threshold value for telomere amplification and the second to determine the cycle threshold value for control gene (b-globin on chromosome 11) amplification. The primers used are listed in Table E3 .
Telomere sequences were amplified in an ABI 7500 Fast Real-Time PCR System (Applied Biosystems, Foster City, Calif) using the following condition E3 : 95 C, 10 minutes, to activate Taq polymerase; 35 cycles of denaturation at 95 C, 15 seconds, and annealing/extension at 54 C, 2 minutes. The conditions for HBG gene amplification were 95 C, 10 minutes; 40 cycles at 95 C, 15 seconds; and 58 C, 1 minute. T/S copy gene values were calculated by 2 OÀCt , and relative T/S values were generated by dividing sample T/S values with the T/S value of a reference cell line DNA according to the reference method.
E4,E5
RNA Isolation, Reverse Transcription Polymerase Chain Reaction, and Quantitative Real-Time Polymerase Chain Reaction
Total RNA was isolated and purified using Trizol reagent (Invitrogen, Carlsbad, Calif), quantified with the NanoDrop 1000 spectrophotometer (NanoDrop Technologies, Wilmington, Del), and reverse transcribed into cDNA using PrimeScrip RT Reagent Kit (TaKaRa, Tokyo, Japan). cDNA conversion mixtures were subjected to PCR amplification for 40 cycles. qPCR was performed in an ABI 7500 Fast Real-Time PCR System (Applied Biosystems) using the SYBR Green Real-Time PCR Master Mix (TaKaRa).
Standard curves were established with SYBR Green I kit (Roche, Basel, Switzerland). 18S ribosomal RNA was used as a control gene to normalize the data. The primers used are listed in Table E3 .
Isolation of CD45-Positive Monocytes/Lymphocytes
Human peripheral blood mononuclear cells were obtained from healthy volunteers and isolated on FicollHypaque density gradient centrifugation. CD45-positive monocytes/lymphocytes were subsequently sorted by use of magnetic beads. E6 Briefly, the cell suspensions were incubated with a mouse anti-human CD45 monoclonal antibody for 1 hour at 4 C, followed by a phosphate-buffered saline (containing 0.1% bovine serum albumin) wash. Then, the cell suspensions were incubated with goat antimouse immunoglobulin-G-coated paramagnetic beads (Dynal, Oslo, Norway) for 30 minutes at 4 C. After washing with phosphate-buffered saline (containing 0.1% bovine serum albumin), CD45-positive cells were sorted according to the manufacturer's protocol.
Monocytes/Lymphocytes-Endothelial Cell Adhesion Assay
In cell adhesion assay, E7 PICs were seeded into 6-well plates (5 3 10 4 cells/well) and cultured for 48 hours until they formed a monolayer. Isolated monocytes/lymphocytes were added onto the PIC monolayer (2 3 10 5 cells in serumfree medium/well) and incubated for 30 minutes at 37 C in a cell culture incubator. The nonadhering cells were washed off, and the adhered monocytes/lymphocytes cells were determined by counting the cells adhered to each PIC (n ¼ 100) in random high-powered fields under an inverted microscope.
Calcification Induction
Calcium phosphate crystals extracted from calcified pericardia according to the method of Ewence and colleagues. E8 Briefly, the hardened, obviously calcified regions were dissected from samples of human calcific pericardia and digested with collagenase (Sigma [St Louis, Mo], type II 2 mg/mL) overnight at 37 C. After digestion, the crystals were washed 3 times in Hank's Balanced Salt Solution. Samples were then placed on a 70-mm sieve (Gibco, Grand Island, NY) and washed further. The remaining crystals (>70 mm) were crushed using a pestle and mortar into Dulbecco's modified Eagle's medium (DMEM). Washing of the crystals at this stage was achieved using ultracentrifugation at 100 000g to capture very small particles. Crystal-conditioned medium was prepared using DMEM supplemented with 5% fetal bovine serum and 150 mg/ mL calcium phosphate crystals.
For calcification induction, the cells at confluence were switched to crystal-conditioned medium or calcification-inducing medium. This calcification-inducing medium E9 consisted of complete growth medium supplemented with 50 ng/mL bone morphogenic protein-2, 50 mg/mL ascorbate-2-phosphate, 10 nmol/L dexamethasone, and 10 mmol/Lb-glycerol phosphate. The appearance of the reaction product was monitored under the microscope, and the calcium deposition was detected by von Kossa staining and colorimetric method.
Flow Cytometric Analysis of Apoptosis
To induce apoptosis, the cells were incubated for 24 hours in serum-free DMEM or low-serum crystals conditioned medium (DMEM supplemented with 0.5% fetal bovine serum and 150 mg/mL calcium phosphate crystals). Apoptosis was detected using an annexin V-fluorescein isothiocyanate staining kit (R&D Systems, Minneapolis, Minn). Briefly, cells were harvested by trypsinization and labeled with annexin V-fluorescein isothiocyanate and propidium iodide for 10 minutes at 4 C, and analyzed using a FACSCalibur flow cytometer (BD Biosciences, Singapore). The apoptotic index is reported as the percentage of annexin V-positive cells in early and late stages of apoptosis.
Mineralization Staining
Mineralization was detected with Von Kossa staining, as described by Proudfoot and colleagues. E10 Briefly, 3.7% formaldehyde-fixed cells were incubated with 5% silver nitrate for 1 hour at room temperature in the dark, rinsed in double-distilled water, and exposed to strong light to visualize calcium deposits.
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